Abundant textile waste raises increasing concerns worldwide in developing novel 12 circular textiles approach. This study investigated the optimum cellulase production 13 from textile waste by Aspergillus niger CKB. Textile wastes consisting of cotton and 14 polyester in various ratios were used as low-cost feedstocks. Three types of 15 cultivation media were compared in solid state fermentation, in which Mandels 16 medium with yeast extract was selected due to their superior cellulase production. 17
Introduction 30
Globally increasing consumption of textiles and fashion products led to a huge 31 accumulation of textile waste and serious environmental problems (Caulfield, 2009) . 32
In 2015-2016, the annually worldwide production volume of textile fibres reached 80-33 90 million tonnes and it is forecasted to exceed 100 million tonnes soon (Lenzing 34
Corporation, 2016). The garment, textile and fashion industries are greatly pollutive 35
and it is evaluated as the second most polluting industry in the world, following the 36 petroleum industry (Sweeny, 2015) . On the global average, 32 kg of textile wastes are 37 discarded per capita each year, of which the majority (around 85%) is directly 38 Table 1 . 149
Three types of cotton/PET blended textile fabric were separately mixed with the three 150 cultivation media. After autoclaving, the mixture was incubated with A. niger CKB 151 (3×10 7 spores g -1 ) under 75% moisture, pH 6.0 for 9 days at 28°C in duplicate. At the 152 end of SSF, all samples were collected for cellulase activity assay. 153 The mixture was then centrifuged at 4°C, 10,000 g for 3 minutes to collect the clear 161 supernatant as the crude enzyme sample. Total cellulase activity was determined by 162 the filter paper activity (FPase) using the standardised NREL Laboratory Analytical 163
Procedure (Adney and Baker, 1996) . 164
165
In terms of the substrate used in this study, the FPase calculation was modified on the 166 basis of dry weight of textile (Eq. 1). 167 The fermentation medium used in SSF usually consists of carbon and nitrogen sources, 210 phosphorus and mineral elements. Csiszar medium and Mandels medium are 211 commonly used for cellulase production using lignocellulosic substrate (Xin and 212 Geng, 2010). Cellulose in substrate serves as the essential carbon source to induce 213 cellulase generation, whereas nitrogen source can also stimulate cellulase and fungal 214 biomass production (Kachlishvili et al., 2006) . The effect of different cultivation 215 media on cellulase production varied outcomes with different substrates and fungal 216 strains (Kachlishvili et al., 2006) . Therefore, it is important to have a proper 217 combination of medium, substrate and fungal strain to maximise cellulase production 218 in SSF. In order to select a suitable medium for SSF on textile substrate using A. niger 219 CKB, Csiszar medium and Mandels medium with either peptone or yeast extract as 220 nitrogen source were investigated under the same incubation conditions. 221
As shown in Table 1 Incubation temperature is a fungal-dependent parameter that affects cellulase 245 production in SSF. For instance, Aspergillus sp. cultivation on rice grass was 246 suggested to be conducted at 32°C while Fomitopsis sp. was cultivated on wheat bran 247 at 30°C (Deswal et al., 2011; Liang et al., 2012) . In general, the optimal temperature 248 for cellulase production by various fungi normally falls within a range of 25-34°C 249 (Gautam et al., 2011) . According to the study of Javed and Khan (2006), 30°C was 250 the optimised temperature for the fungal growth of A. niger species. In this study, 251 three types of cotton/PET blended textile waste were used as substrates to explore the 252 suitable temperature condition for cellulase production. A. niger CKB was cultivated 253 on each type of textile at 25°C, 28°C, 30°C, 32°C and 35°C separately, with 75% 254 moisture and 3×10 7 spores g -1 inoculum size for 9 days. The result of cellulase 255 activities was determined as shown in Figure 2 , from which the effect of different 256 temperatures on the three types of textile shows similar pattern. SSF at 25°C limited 257 cellulase activity to a low level. As temperature raised to 28-30°C, the result was 258 significantly improved. Enzyme activities obtained at 28°C and 30°C were very 259 similar. Higher temperatures at 32-35°C presented an obvious inhibition on cellulase 260 production. This is mainly because that higher temperature led to rapid loss of 261 moisture content from the fermentation substrate, hence the dry environment impaired 262 fungal growth and metabolic activity. The results pinpointed the optimal temperature 263 condition of 28°C for cellulase production on textile waste. Table 3 . Six runs at the centre point were bolded. 277 
Eq. (4) 307 308
The coefficient of determination (denoted as R 2 ) of the equation was 0.9196 and the 309 adjusted R 2 was 0.8445, indicating that the fitted linear, interaction and quadratic 310 terms could elucidate 84.45% of the variation. The signal-to-noise ratio was measured 311 by Adequate Precision, which is desired to be higher than 4. The constructed model 312 ratio of 12.795 indicated an adequate signal so that the model can be used to navigate 313 the design space. 314
The interactions between any two variables were depicted by response surface plots 315 (3D) in Figures 3, with other factors fixed at the centre point values. Figure 3a shows 316 the response surface curve of the resultant cellulase activity in response to changes in 317 pH and yeast extract concentration, while the initial moisture content and inoculum 318 size were maintained at 70% and 3.1×10 7 spore g -1 , respectively. As shown in 319 Figure 3a , cellulase activity reached a maximum at pH 5.5-6.5 and yeast extractpH and inoculum size. As inoculum size and pH increased, cellulase activity grew 322 from 1.10 to 1.30 FPU g -1 . In contrast, low cellulase activity was obtained at limited 323 inoculum size (1.60 × 10 7 spore g -1 ) and high pH value (> 7.0). At high levels of 324 inoculum size, pH range of 5.5-7.0 slightly affected cellulase activity. While under 325 neutral pH conditions (6.5-7.0), cellulase activity were sensitive to inoculum size. The 326 response surface curve in Figure 3c indicates that the interactive effect of moisture 327 and pH was obviously dominated by the former. When yeast extract concentration 328 was 2.5 w/w% at centre point value, cellulase activity was gradually improved with 329 increase of inoculum size (Figure 3d ). Figure 3e shows an optimum response was 330 reached under slightly higher moisture conditions (75-80%) in the interaction with 331 yeast extract. Decrease of cellulase production occurred at both low and high levels of 332 yeast extract, because of nutrient depletion and the inhibitory effect of nutrient surplus, 333 respectively. Besides, although inoculum size and moisture both exhibited profound 334 positive effects on cellulase production, the interaction was insignificant (p > 0.05). In 335 spite of this, it could be noted from Figure 3f that the high levels of moisture (75-80%) 336 and inoculum size (> 3.1×10 7 spore g -1 ) enhanced cellulase activity to the peak value. 337 In order to improve fungal cellulase activity, sucrose and starch were added as 358 supplementary carbon sources to enhance the fungal growth and enzyme production. 359 Different loading ratios (0, 0.5, 1.0, 1.5, 2.0 w/w%) of sucrose/starch were added in 360 SSF medium on the textile of cotton/PET 80/20. The optimum incubation conditions 361 (from Section 3.2-3.3) of 9 days were applied in duplicate. The resultant cellulase 362 activity is depicted in Figure 4 . 363 The results reveal that the addition of sucrose did not improve cellulase activity. 369
Addition of sucrose as an inducer at relatively higher loading ratios (1.0-2.0 w/w%) 370 even exhibited an inhibitory effect on cellulase production. In comparison, 371 supplementary starch enhanced cellulase activity to a certain extent. The significance 372 of variances caused by different starch dosages was judged by ANOVA (Table 5) . 373
The addition of starch by 0.5, 1.5 and 2.0 w/w% led to a positive effect on cellulase 374 activity. ANOVA result pointed out that when 0.5 w/w% starch was added, the 375 corresponding cellulase activity improvement (from 1.43 to 1.53 FPU g -1 ) was 376 significant as p-value was lower than 0.05. In contrast, variances caused by other 377 loading ratios could have occurred due to noise with high probability (40.24% -378 98.69%). Therefore, the supplement of 0.5 w/w% starch was suggested in SSF for 379 cellulase production from textile waste. 380 Table 5 Mandel and Reese's study (Mandels and Reese, 1957) . They suggested that cellulase 387 could only be produced on glucose, lactose, cellubiose and cellulose. Lactose and 388 basic celluloses consisting of anhydroglucose units with β-1-4-glycosidic linkage 389 were proposed as excellent inducers to stimulate cellulase secretion towards breaking 390 β-1-4-glycosidic bonds to obtain the monomeric glucose. Therefore, lactose has beenIn this study, lactose and basic celluloses including Avicel, sodium carboxymethyl 394 cellulose (sodium CMC) and filter paper scrap (Whatman No.1, 100% cellulose) were 395 employed as inducers in SSF on textile waste. Inducers were added separately in 396 gradients from 0.5 to 5.0 w/w%. SSF was performed on cotton/PET 80/20 blend using 397 the optimum condition with 0.5 w/w% starch for 9 days. A control group was set 398 without any inducer. All conditions were conducted in duplicate and the harvested 399 cellulase activities are depicted in Figure 5 . The results show that the addition of lactose, sodium CMC or filter paper scraps failed 405 to enhance cellulase activity to a higher level. In these three sets, the highest cellulase 406 activities were obtained from the control group (without inducer). Sodium CMC 407 loaded at weight ratios higher than 1% exhibited significant inhibitory effect on 408 cellulase production, resulting in a reduction of enzyme activity from 1. The time course of fungal cellulase production from textile waste was investigated in 424 our previous study (Hu et al., 2017) . The total cellulase activity increased from day 3 425 and reached peak value on day 9 in SSF. In this study, the cultivation conditions were 426 optimised, in which it essentially affected the cellulase activity of fungal enzyme 427 product. Thus, the corresponding time course deserves further exploration in order todetermine the production profile of cellulase activity. A. niger CKB was incubated on 429 the textile of cotton/PET 80/20 under different conditions in Set A, B and C as listed 430 in Table 6 . 431 
